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14
Wild birds are considered as potential sources for zoonoses as they are natural hosts for 15 enteropathogens such as Salmonella or Campylobacter spp., leading zoonotic pathogens 16 in the developed world (Chomel et al., 2007) . Birds can acquire these pathogens from 17 contaminated environments and spread it directly to humans or indirectly by 18 contaminating commercial livestock operations (Alley et al., 2002 , Daniels et al., 2003 . 19
They could also acquire drug-resistant microorganisms from livestock farms and 20 disseminate these strains into the human population, hence contributing to the global 21 spread of emerging infectious diseases (Guenther et al., 2011 , Reed et al., 2003 . 22 
23
Salmonella is considered a ubiquitous agent that usually colonizes asymptomatically the 24 guts of birds and can be further excreted through their feces (Connolly et al., 2006) . It is 25 Thus, some aspects on the Salmonella infection in apparently healthy wild birds, i.e. its 1 relationship with migration patterns or other potential risk factors, the relatedness 2 among Salmonella strains isolated from different birds, or their levels of antimicrobial 3 resistance, are of utmost interest in order to gain further insight into the epidemiology of 4 subclinical salmonellosis in wild birds. In addition, this knowledge may help further in 5 identifying potential epidemic Salmonella strains (Brouwer et al., 2011) , and in the 6 ensuing design and implementation of control measures against this infection both in 7 human and production animals. Northeast of Spain (provinces of Zaragoza and Huesca) that had shown a high 15 prevalence of pig salmonellosis (Vico et al., 2011) . Mist netting was the method used to 16 trap birds in 31 locations nearby pig premises (birds were trapped either from inside the 17 premises or within 200 m radius), hereafter "near pig premises site" (NPPS), and in 10 18 natural settings far (> 2km) from pig farms and mostly related to bank rivers and forests 19 (far from pig premises site -FPPS-). 20 
21
Once birds were identified they were kept in sterilized cages under a dark environment 22 to reduce stress until they defecate. Bird droppings were collected through sterile swabs 23 for bacteriological processing. Afterwards, birds were released after being measured and 24 tagged by a licensed bander. When many birds were captured simultaneously, they were 25 grouped by species and kept together in the same cage. Thus, pooled samples of a 1 variable number of birds were obtained instead of individual samples. Valdemorillo, Spain). Suspected colonies were confirmed biochemically (Triple sugar  19 iron -TSI-agar, urea agar, L-Lysine decarboxylation broth, and indol reaction) (Panreac 20 Quimica SAU), and one representative colony was sent to the Centro Nacional de 21
Salmonelosis Animales (Madrid, Spain), for serotyping according to the Kauffmann-Le Minor scheme (Grimont and Weill, 2007 Salmonella-positive birds out of 1.502) and 4.4% (from a maximum of 66 out of 1.502). 24 
25
The proportion of Salmonella positive samples was significantly higher (P<0.001) when 1 collected from birds captured in NPPS (3.46%) than from birds in FPPS (0.46%) ( Table  2 1). It was also significantly higher in samples collected in spring (4.44%) than in 3 samples from birds captured during the other seasons (average of 0.8%) ( Table 1) . 4 However, no significant differences were observed in the proportion of Salmonella-5 positive samples regarding feeding diets (Table 1 ). In addition, samples from migratory 6 (long distance) birds presented lower proportion of Salmonella positive samples (0.6%) 7 than those from non-migratory or short distance migratory birds (2.17%), but this 8 difference was not significant in the univariable analysis ( Table 1) . Ranges of estimated 9
Salmonella prevalence in birds for the different factors considered in this study are 10 presented in Table 1 . 11 12 In the multivariable analysis the proximity of the capture site to a pig operation 13 remained as the main significant factors associated with Salmonella positive samples, 14 followed by migration patterns (Table 2) . Salmonellosis was much more prevalent in 15 samples from birds captured in the vicinity of pig premises (Odds Ratio (OR) = 16.5) or 16 when the birds were considered non-migratory (or travelled mostly short distances) 17 (OR= 7.6). Seed-feeder birds presented a lower probability of finding positive samples 18 compared to birds feeding mostly on insects or invertebrates (OR= 0.4; P=0.087). 19
Regarding season, despite that samples from birds captured during the spring time 20 appeared to have a higher proportion of Salmonella positivity (OR= 3.4), this variable 21
was not statistically significant (Tables 1 and 2) . A model with possible two-way 22 interactions between significant factors could not be assessed as model convergence 23
could not be reached due to the low number of positive samples. 24 
The characterization of all the Salmonella isolates is shown in Table 3 The weighted multivariable analysis showed that sample positivity appeared to be 17 related to some biological factors, mostly to the location where the birds were captured 18 and their migratory habits (Table 2) . When birds were trapped in areas in the vicinity of 19 swine operations the proportion of Salmonella positive samples increased significantly, 20 up to 3.46%, from a mere 0.46% observed in samples from birds trapped in 21 environments apart from pig premises. After adjusting for other factors, the odds of 22 being Salmonella-positive for a sample from birds captured in a pig farm was more than 23 16 times higher than that for a sample from birds from areas far from pig operations 24 (Table 2) . It is well recognized that livestock farms act as good providers of feed and 25 shelter for wild birds, and congregations of certain bird species such as house sparrows 1 or European starlings around them is common, provoking damages associated with feed 2 contamination and consumption (Carlson et al., 2011) . A relationship between 3 contamination of the environment with enterobacteria and the incidence of this type of 4 infections in wild birds has been reported elsewhere (Cizek et al., 1994 , Gaukler et al., 5 2009 ). In the region where the birds were trapped almost 95% of the pig farms were 6 positive to Salmonella and 30% of the finishing pigs were estimated to be infected 7 can exert a suppressive effect on immunity, increasing infection virulence and the 2 likelihood of become sick (Holt, 2000) , stress associated to migration may lead to 3 disease and the subsequent death of the sick migrating bird, therefore stopping the 4 potential transmission of the infection over long distances. The fact that Salmonella was 5 identified in a pool of feces from barn swallows may disagree with this hypothesis. 6
However, these migratory birds were in very close contact with the farm environment 7
for an extended period of time as they were nesting inside a pig fattening unit. 8 9 Although in the univariable analysis bird diet was not related to sample prevalence, after 10 adjusting by other variables it turned out close to significant (P=0.08) ( Table 2) Our classification as "insectivorous/mostly-insectivorous" and 6
"granivorous/mostly-granivorous" was a simplistic categorization of the real nature of 7 the bird diets. Thus these results should be further confirmed. 8 9 Evidences that pig farms may act as amplifiers of the Salmonella infection among 10 surrounding birds were further brought about by the XbaI PFGE patterns and the phage 11 types identified, and the AR profiles observed. For instance, in farm C, where barn 12 swallows were nesting inside a fattening unit, the Salmonella strain isolated from them 13 presented the same serotype (Typhimurium), the same phage type (U310) and 100% 14 pulse type homology than those from house sparrows and European starlings captured 15 in the same location (Table 3 and Figure 1 ). In addition, all isolates were susceptible to 16 all drugs tested. Similar results were observed for the two Salmonella strains isolated 17 from fecal samples from two rock pigeons from farm B (phage type DT164). 
